ABSTRACT: This paper presents the energy saving methods and energy storage system to be required for the highly efficient cargo system in container terminal. The best proper method of energy saving is decided by the operation method of cargo handling system and the saving effect of this method is studied. The advantage and disadvantage of battery as energy saving system is studied. The battery in several kinds of energy saving system has the economical propriety in cost and technological side currently and it is investigated as the expected energy saving system in consideration of the future progress of technology. And also the saving effect and economical propriety of battery energy saving system and hybrid system of transfer system in container port and yard are very highly evaluated.
INTRODUCTION
The fast progress of modern mankind civilization from 18 century is closely related to the amount of used fossil fuel.
But the entire earth is faced to the problem such that warm weather is caused by air pollution such as carbon dioxide to be accumulated by continuous consumption of fossil fuel and the survival of mankind is threatened by shortage of limited fossil fuel. To solve these problems the many advanced countries are interested in the research to improve the energy efficiency and to develop energy storage technology and substitution energy. The research to improve the energy efficiency and to develop energy storage technology and substitution energy is very strongly required in case of Korea to be dependent on importing fossil fuel entirely. As mentioned it previously, when foreign dependency of imported fossil fuel is high realistically the energy saving of yard tractor of container transfer in port is essential to design of better than future and high profit.
Recently the research of hybrid system using reduction methods of air pollution gas and storage methods for surplus energy is studied in many research institutions and universities [1, 2] . This paper presents the economical propriety of hybrid and energy storage system for highly efficient yard tractor as cargo handling equipment [3] .
HIGH EFFICIENCY OF TRANSFER SYSTEM FOR CARGO HANDLING
Recently the international price of crude oil is nearly reached to $120 because of political unstability in Middle Eastern Asia and also the continuity of the unstable psychology of oil supply and increase of over consumption has the extra room to increase the price of oil unstably. The possibility of interruption of oil supply because of the conflict and geopolitical cause between Middle Eastern nations is always existed. And it is predicted that it is difficult in short term to improve the structural problem of oil market that the biggest cause of increase of oil price is increase of demand and restriction of supply capacity.
In 2004, the surplus productivity in entire world is 10% of total demand, 600 million b/d(barrel per day) and it is predicted that annual rate of surplus productivity will be decreased in every year. When current oil product is assumed to 10 billion ton, the increase of energy demand is reached to 16 ∼ 18 billion ton in 2030. Until 2030 the fossil fuel is reached to 80∼85% of entire energy supply and it will be slowly substituted by natural gas and there is no radical change in rate of occupation. It is predicted that the huge energy consumption nations such as America, China and Japan in consideration of high price of crude oil in long term try to secure the resource by strong diplomacy of oil production nation, purchase of mining area and security of reserved oil. Because of these, there is the possibility to make the conflict between nations and it is predicted that in view of supply side the unstable cause of supply such as shortage of oil refinery and surplus production facility in OPEC is continued.
The existence of Asia that China is centered in energy demand will be much more important and the increase of In case of yard tractor the difference of the oil consumption rate according to yard path and driving habit of driver is shown in Table 1 . In collected data the first data of oil consumption are about 4.17 liters per hour and the second data of oil consumption are about 11.1 liters per hour.
Generally, in case of manual operation, container throughput rate of transfer crane is about 30∼40 TEU per hour and amount of oil consumption is about 42.6 ∼ 63.9 liters per hour.
ENERGY STORAGE EQUIPMENT OF TRANSFER SYSTEM IN CONTAINER TERMINAL
By applying hybrid system used battery as energy storage equipment to transfer system, the high efficiency of energy use and reduction of consumption of fossil fuel is accomplished.
A. Energy Storage Equipment
For the high efficient use of energy by saving energy of fossil fuel used in container transfer system, the battery and Table 2 .
B. Reduction Method of Energy
Hybrid system is complex power system to combine more than two power systems such as electrical and internal combustion engine. In early time this system was started as the study to reduce the emission of contamination materials and to improve the efficiency of fuel use by solving the problem such as emission of contamination materials and over consumption of energy in vehicle. 
HYBRID TRANSFER SYSTEM OF CARGO HANDLING SYSTEM
The hybrid systems are classified into the electrical hybrid system that reduces the power load of diesel engine by storing the electrical energy at energy storage equipment by changing surplus energy of diesel engine into electrical energy and the hydraulic hybrid system that reduces the power load of the engine-pump-motor by generating the power by using the hydraulic flowing from high pressure to low pressure. These two systems have the advantage to reduce 30% ∼ 60% of fuel consumption of transfer system and the hydraulic hybrid system obtains the reduction effect of maximum 70% of fuel consumption. These system have the advantage of environmental factor because of reduction effect of CO 2 emission by energy saving.
A. Hybrid System Configuration
The electrical hybrid system to save the energy of transfer system by independent or dependent using of electrical motor and diesel engine in each other. The configuration of electrical hybrid system is composed of gasoline engine (or diesel engine), electrical motor and large scale battery to store surplus energy. Here, the high torque motor and large scale battery are placed between engine and transmission.
This system is classified serial and parallel type and the serial type has the same type of electrical automobile by using engine as auxiliary power. On the other hand, the parallel type of electrical hybrid transfer system is much more efficient than the serial type because of using engine and electrical motor simultaneously. Therefore, in general the hybrid system to be used in transfer system is the parallel type.
In the parallel electrical hybrid transfer system the engine in the first starting time is not operated and the motor to be connected to battery is started and then the engine is used as the main power if the speed is increased by pushing the paddle of acceleration. At this time, the electrical motor is converted to the auxiliary power equipment and it is used for adding the output of engine or transferring the additional power. When the transfer system under operating is stopped the electrical motor is played as generator by the inertia of transfer system. At this time the electrical energy to be generated is stored at battery.
B. Characteristics of Hybrid Transfer System
The characteristics of hybrid transfer system to be combined with of energy storage of battery and diesel engine of main power are summarized in Table 3 . Table 4 Table 5 shows that the energy saving methods of conventional system and hybrid system to be combined 
ECONOMICAL PROPRIETY EVALUATION OF HYBRID TRANSFER SYSTEM

